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1488Objective: We sought to evaluate mitral valve repair for anterior leaflet perforation.
Methods: Between October 1987 and October 2006, 26 patients with mitral valve anterior leaflet perforation un-
derwent mitral valve repair (median age, 54 years; 18 [69%] were male).
Results: The indication for operation was severe mitral regurgitation only in 14 patients, both aortic regurgitation
and mitral regurgitation in 11, and ventricular septal defect repair in 1. Twenty-four (92%) patients had endocar-
ditis and 13 (50%) had at least mild aortic regurgitation preoperatively. Left atriotomy was performed in 17
(65%) and aortotomy in 8 (31%). Six (23%) patients had visible vegetations at the time of repair. For anterior
leaflet repair, a patch was used in 11 (42%) patients and primary suture closure in 15 (58%). Eighteen patients
underwent concomitant cardiac surgical procedures. Postoperative follow-up (mean, 6 years) was available for 25
(96%) patients. There was 1 early death from multiorgan failure and 2 late deaths. Patient survival was 95% at 1
year and 90% at 5 years. Left ventricular end-diastolic dimension improved significantly after mitral valve repair
at dismissal (n ¼ 16;9.4 mm; P<.01) and during follow-up (n ¼ 11;10.8 mm; P<.01). Only 1 (4%) patient
had mitral valve reoperation after 7 years owing to recurrent endocarditis 6 months after repair.
Conclusions: Mitral valve anterior leaflet perforation may be safely repaired with good midterm survival and
durability. (J Thorac Cardiovasc Surg 2010;139:1488-93)Mitral valve repair for degenerative leaflet prolapse restores
patient survival to normal, and contemporary repair tech-
niques have excellent long-term durability. Indeed, freedom
from reoperation is statistically indistinguishable between
patients who undergo repair of posterior leaflet prolapse
and patients who undergo mechanical valve replacement
in the current era. Patients without atrial fibrillation who un-
dergo successful mitral valve repair may return to normal ac-
tivities without the need for systemic anticoagulation.1,2
Mitral regurgitation resulting from a diseased anterior
leaflet is less common than mitral regurgitation caused by
a diseased posterior leaflet. Several methods have been pro-
posed for repair of anterior leaflet prolapse owing to chordal
rupture or elongation. In addition to leaflet prolapse, anterior
leaflet perforation resulting from endocarditis may lead to
severe valve leakage.3,4 However, the techniques for repair
of anterior leaflet perforation and late outcomes of repair
are not widely known. We studied patients who had anterior
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comes of surgical repair.
PATIENTS AND METHODS
Between October 1987 and October 2006, 26 patients with perforation of
the anterior leaflet of the mitral valve underwent mitral valve repair at Mayo
Clinic, Rochester, Minnesota. The patients’ ages ranged from 15 to 77 years
(median, 54 years), and 18 (69%) were male. The Mayo Clinic Institutional
Review Board approved this study, and each patient in the study gave re-
search authorization to be involved in clinical research.
Prior endocarditis was documented in 92% of the patients; 6 patients had
acute endocarditis at the time of repair and had positive blood cultures and
vegetations on the mitral valve. Fourteen patients had severe mitral regurgi-
tation only, 4 patients had severe mitral regurgitation and severe aortic re-
gurgitation, and 7 patients had severe aortic regurgitation and moderately
severe mitral regurgitation. One patient had elective surgery for residual
ventricular septal defect repair.
Statistical Methods
Descriptive statistics for categorical variables are reported as frequency
and percentage; continuous variables are reported as mean ( standard de-
viation) or median (range) as appropriate. Changes in continuous variables
between preoperative and dismissal values were compared with the paired t
test or Wilcoxon rank sum test as appropriate. The Kaplan–Meier method
was used to estimate 1-year and 5-year survival statistics.
RESULTS
Operative Findings
Surgical findings related to themitral valve are presented in
Table 1. All patients had at least 1 perforation on the anterior
leaflet of the mitral valve. The size of the perforations varied
from 0.25 cm2 to 4.0 cm2. Additional findings included
chordal rupture in 7 patients and vegetations in 6 patients.gery c June 2010
TABLE 1. Mitral valve findings at the time of repair
Patients (n ¼ 26)
Lesion No. %
Chordal ruptures 7 27
Anterior leaflet 3 12
Posterior leaflet 4 15
Perforation
Anterior leaflet 26 100
Posterior leaflet 1 4
Vegetations 6 23
Ulcerated lesions 18 69
Subannular abscess 1 4
TABLE 3. Surgical technique used for mitral valve repair
Patients (n ¼ 26)
Lesion No. %
Surgical approach to mitral valve
Left atriotomy 17 65
Aortotomy 8 31
Interatrial septum 1 4
Perforation repair
Primary suture repair 15 58
Patch repair 11 42
Pericardial patch 7 27
Artificial patch 4 15
Mitral valve repair technique
Anterior leaflet resection 3 12
Posterior leaflet resection 4 15
Anterior artificial chordae placement 3 12
Posterior annuloplasty 16 62
Kay annuloplasty 2 8
Edge-to-edge repair 1 4
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(50%) patients had some degree of aortic regurgitation pre-
operatively. Eleven (42%) patients hadmoderately severe or
severe aortic regurgitation that necessitated surgical inter-
vention on the aortic valve at the time of mitral valve repair.
One patient with severe recurrent aortic regurgitation after 2
previous aortic valve replacements had a healed subannular
abscess beneath the left coronary ostium. Another patient
had vegetations on the noncoronary cusp that also caused
an adjacent ‘‘kissing’’ lesion on the mitral anterior leaflet.A
COperative Technique
Surgical techniques used for mitral valve repair are pre-
sented in Table 3.
Small defects of the anterior mitral leaflet were closed
primarily with 4-0 or 5-0 Prolene polypropylene suture
(Ethicon Endo-Surgery, Inc, Cincinnati, Ohio). Larger de-
fects were closed with either pericardial or synthetic patches
(Table 4 and Figure 1). The patch used in the repair of ante-
rior leaflet perforations was autologous in 6 patients, polyte-
trafluoroethylene (Gore-Tex; W. L. Gore & Associates, Inc;
Newark, Del) in 4, and bovine in 1.Associated Procedures
Four patients underwent concomitant coronary artery by-
pass grafting at the time of repair of anterior leaflet perfora-
tion. Ten patients had concomitant aortic valve replacement,
and 1 had aortic valve repair. An extended left ventricularTABLE 2. Summary of aortic valve lesions
Patients (n ¼ 26)
Lesion No. %
Grade 3 or 4 aortic regurgitation 11 42
Mechanism of aortic regurgitation
Native aortic cusp perforation and vegetations 5 19
Prosthetic valve endocarditis and degeneration 4 15
Perivalvular leak 1 4
Valve degeneration 1 4
Subannular abscess 1 4
The Journal of Thoracic and Carseptal myectomy was performed in 2 patients. One patient
had a left-sided maze procedure.Complications
One patient underwent exploratory surgery for bleeding.
There were no neurologic complications. There was 1 early
death 29 days postoperatively from ongoing sepsis and mul-
tiorgan failure in a patient whose operation occurred during
the acute phase of prosthetic valve endocarditis.Early Results
All survivors had symptomatic improvement. The mean
( standard deviation) hospital stay was 7.0  2.5 days.
Postoperative transthoracic echocardiograms showed that
mitral regurgitation was absent in 15 patients, mild in 9,
and moderate in 2.
The repair technique for the patients with moderate mitral
regurgitation at discharge was analyzed. In 1 patient, a large
patch was placed without an annuloplasty band. The other
patient had active endocarditis. After de´bridement, the ante-
rior leaflet perforation was reconstructed primarily and
a prosthetic annuloplasty band was therefore avoided to
minimize foreign material. In both patients, the mechanism
of recurrent mitral regurgitation was central.TABLE 4. Repair according to perforation size
Primary closure Patch closure
Defect size* No. % No. %
Small (0.25–0.75 cm2) 8 80 2 20
Moderate (>0.75–1.5 cm2) 2 50 2 50
Large (>1.5–4.0 cm2) 0 0 7 100
*Size was defined by surgical inspection only.
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FIGURE 1. Patch repair of mitral valve anterior leaflet perforation through
left atriotomy.
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Late follow-up findings were available for 24 of the 25
late survivors. There were 2 late deaths: 1 patient died of
congestive heart failure 11 years postoperatively but had
normal mitral valve function at an earlier echocardiogram,
and another patient died of unknown causes 3 years postop-
eratively. Mean follow-up was 6 years. Overall patient sur-
vival was 95% at 1 year and 90% at 5 years.
Long-term echocardiographic follow-up showed that mi-
tral regurgitation was absent in 6 patients, mild in 6, and
moderate in 1 who was in clinically stable condition. Recur-
rent severe mitral regurgitation was observed in only 1 pa-
tient (7%; n ¼ 14). In that patient, recurrent endocarditis
developed 7 months after initial mitral valve repair and
was managed medically. Six years later, the patient had mi-
tral valve replacement owing to severe mitral regurgitation.
Left ventricular end-diastolic dimension significantly im-
proved after mitral valve repair at dismissal (n ¼ 16;9.4
mm; P< .01) and was maintained during follow-up (n ¼
11;10.8 mm; P< .01).
DISCUSSION
Early and late mortality and event-free survival are better
among patients undergoing mitral valve repair for severe mi-1490 The Journal of Thoracic and Cardiovascular Surtral regurgitation than among patients having mitral valve re-
placement. This is true for patients with degenerative valve
disease and for patients with mitral valve endocarditis. Mi-
tral valve repair should be carried out whenever possible
in patients with endocarditis3-7 because late morbidity is
low and valvuloplasty appears to have a lower risk of rein-
fection than prosthetic valve replacement.8,9 The present
study shows that successful mitral valve repair to correct an-
terior mitral leaflet perforation is safe and durable.
Perforation of the valve leaflets is seen in as many as one
third of all patients with mitral valve endocarditis,3,10 but
few studies have evaluated results of surgical repair of ante-
rior leaflet perforation. In prior publications, the largest co-
hort with perforations of the mitral valve leaflets included
21 patients,10 and the largest group with documented ante-
rior leaflet perforation included 8 patients.4 In our series,
all 26 patients had anterior mitral leaflet perforation, and
all underwent valve repair with evaluation of the durability
of the repair and assessment of patient survival and clinical
status.
Comparison between patients undergoing mitral valve re-
pair or replacement to treat endocarditis may be difficult be-
cause patients with severely damaged valves tend to undergo
valve replacement.6 Even with large defects of the mitral
valve anterior leaflet, valve repair is possible. In published
studies, the feasibility of repairing infected mitral valves
for acute endocarditis varies from 33% to 78%.6,10,11 The
present study included only patients who had valve repair;
therefore, the frequency of repair versus replacement could
not be calculated. However, a repair rate of approximately
30% to 50% is consistent with our experience in managing
mitral valve endocarditis. We would not recommend a repair
attempt if clinical factors suggested that a complex mitral
valve reconstruction would not be in the patient’s best inter-
est. Poor leaflet tissue quality or severe tissue destruction
would also suggest that repair durability would be limited.
In many patients the mechanism of injury to the mitral
valve anterior leaflet is aortic valve regurgitation, with the
regurgitant jet being directed toward the mitral valve anterior
leaflet, eroding the tissue and leaving a surface more prone to
infection (Figure 2). In our series, 13 patients had hemody-
namically significant aortic valve regurgitation. A windsock
deformity (Figures 3 and 4) of the mitral valve leaflet is often
seen in association with anterior leaflet perforation.12-15 An-
other pathologic mechanism for anterior leaflet perforation
may be ‘‘kissing’’ lesions between vegetations on 1 or
more aortic valve cusps and the mitral valve anterior leaflet,
allowing migration of infection to the mitral valve.14,15
In our series of 26 patients, repair was successful for an-
terior leaflet defects even in patients with acute or subacute
endocarditis. We tended to patch large defects with autolo-
gous pericardium or polytetrafluoroethylene. For acute or
subacute infections, we prefer autologous material to mini-
mize the risk of reinfection. Smaller defects were repairedgery c June 2010
FIGURE 2. Mitral valve anterior leaflet perforation. A, Transesophageal echocardiographic image shows a mitral valve anterior leaflet perforation (arrow).
B, The resultant eccentric mitral valve regurgitation is apparent with color flow imaging. C, The mitral valve anterior leaflet perforation was thought to be due
to aortic valve vegetations and the eccentric aortic valve regurgitant jet (diastolic frame) hitting the mitral valve anterior leaflet. D, The result was eccentric
mitral valve regurgitation (systolic frame). Ao, Aorta; LA, left atrium; LV, left ventricle. A
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tion of the anterior leaflet. The only patient in this series
who required late reoperation had recurrent endocarditis,
but the patient did not have active endocarditis or an artificial
patch during the first repair.
Sometimes defects of mitral valve leaflets may not be vi-
sualized well with transthoracic echocardiography, and the
surgeon may not request intraoperative transesophageal
echocardiography for aortic valve procedures. Thus, it is es-
pecially important to examine the mitral valve anterior leaf-
let in cases of aortic valve endocarditis. Both diagnosis and
surgical repair may be performed through the aortic root
(Figure 4).16-19 We repaired the anterior leaflet perforation
through the aortic annulus in 8 patients in this series. Inter-
estingly, 1 of these patients had an initial left atriotomy,
but anterior leaflet repair was performed through the aortot-
omy because exposure was better.
An important decision in the repair of anterior leaflet per-
forations is whether to perform a concomitant annuloplasty.
In contrast to valve repair for degenerative mitral regurgita-
tion in which ventricular enlargement and annular dilatation
are the rule, patients with anterior leaflet perforation result-
ing from endocarditis may present earlier in the course of
the disease because of infection or aortic valve leakage (or
both). In these patients who have little mitral annular dilata-
tion and good leaflet coaptation, annuloplasty is not neces-
sary, as was true in 10 patients in this series. In theThe Journal of Thoracic and Carremaining patients (62%), we performed annuloplasty to de-
crease the annular size and to improve apposition of the an-
terior and posterior mitral valve leaflets.
Symptomatic improvement soon after correction of se-
vere mitral valve regurgitation is thought to correlate with
ventricular remodeling.20 We also noted regression of the
end-diastolic ventricular dimension after repair of anterior
leaflet perforation, but some of this improvement may
have been due to correction of associated aortic valve regur-
gitation.
Mitral valve replacement carries the burden of prosthetic
valve–related complications.21,22 This may be particularly
true in younger patients who will carry the risk longer.
The choice of a mechanical mitral prosthesis presents addi-
tional risks of bleeding owing to long-term anticoagulation
with warfarin.22,23 Use of a tissue prosthesis imposes the
risk of valve deterioration: up to 31% at 10 years and
68% at 15 years.21 Both options carry the risk of prosthetic
endocarditis.9 The most important preoperative predictor of
prosthetic valve endocarditis was active endocarditis at op-
eration.9 Operative mortality was reported to be 14% to
18% with valve replacement in the treatment of endocardi-
tis.3,8 The frequency of late recurrent endocarditis was re-
ported to be 7% to 14% for mitral valve replacement in
endocarditis3,8 and 2% for mitral valve repair.3 In the pres-
ent study, we observed recurrent endocarditis in only 1 (4%)
patient.diovascular Surgery c Volume 139, Number 6 1491
FIGURE 3. Windsock deformity. A, Transesophageal echocardiographic image demonstrates a mitral valve anterior leaflet perforation with a windsock de-
formity (arrow). B, Color flow imaging shows the resultant eccentric mitral valve regurgitation. LA, Left atrium; LV, left ventricle.
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This is a small retrospective review, and as such it is influ-
enced by typical biases. The decision of whether to repair or
replace the mitral valve in the setting of leaflet perforation
owing to endocarditis was influenced by the stability of
the patient’s condition, comorbidities, and concomitant pro-
cedures. This article provides a technical description of the
features and outcomes of anterior leaflet mitral perforationsFIGURE 4. Repair of mitral valve anterior leaflet windsock deformity. A
pericardial patch is placed through the left ventricular outflow tract in a pa-
tient undergoing concomitant aortic valve repair for severe aortic regurgita-
tion after endocarditis has healed.
1492 The Journal of Thoracic and Cardiovascular Surdeemed appropriate for leaflet repair by the surgeon. The du-
ration and frequency of echocardiographic follow-up is ad-
mittedly heterogeneous, inasmuch as it was limited by the
availability of follow-up longitudinal imaging in clinically
stable patients.CONCLUSION
Mitral valve anterior leaflet perforation is often associated
with endocarditis and aortic valve regurgitation. Perfora-
tions in the anterior leaflet may be the only mechanism of
mitral regurgitation. Large defects may cause severe heart
failure and warrant surgical attention whenever they are di-
agnosed. Repair of anterior leaflet perforation is a relatively
simple but effective way to correct mitral regurgitation and
achieve durable results.References
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